Abstract Chitinases are glycosyl hydrolases that cleave the b-1,4-glycosidic linkages between N-acetylglucosamine residues in chitin which is a major component of fungal cell wall. Plant chitinases hydrolyze fungal chitin to chitin oligosaccharides that serve as elicitors of plant defense system against fungal pathogens. However, plants synthesize many chitinase isozymes and some of them are not pathogenesis-related. In this study, three full-length cDNA sequences encoding a putative chitinase (EgChit3-1) and two chitinase-like proteins (EgChit1-1 and EgChit5-1) have been cloned from oil palm (Elaeis guineensis) by polymerase chain reaction (PCR). The abundance of these transcripts in the roots and leaves of oil palm seedlings treated with Ganoderma boninense (a fungal pathogen) or Trichoderma harzianum (an avirulent symbiont), and a combination of both fungi at 3, 6 and 12 weeks post infection were profiled by real time quantitative reversetranscription (qRT)-PCR. Our findings showed that the gene expression of EgChit3-1 increased significantly in the roots of oil palm seedlings treated with either G. boninense or T. harzianum and a combination of both; whereas the gene expression of EgChit1-1 in the treated roots of oil palm seedlings was not significantly higher compared to those of the untreated oil palm roots. The gene expression of EgChit5-1 was only higher in the roots of oil palm seedlings treated with T. harzianum compared to those of the untreated oil palm roots. In addition, the gene expression of EgChit1-1 and EgChit3-1 showed a significantly higher gene expression in the leaf samples of oil palm seedlings treated with either G. boninense or T. harzianum.
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Introduction
Chitin, a structural polysaccharide consisting of N-acetylglucosamine residues, is a major component of fungal cell wall [1] . The b-1,4-glycosidic linkages between N-acetylglucosamine residues in chitin can be cleaved by glycosyl hydrolases (GHs) that are known as chitinases (EC 3.2.1.14) [2] . Chitinases can be classified into GH families 18 and 19 based on their similarities in amino acid sequence, structures and catalytic mechanisms [3, 4] . Chitinases belonging to GH family 18 are found in mammals, plants, viruses, bacteria, fungi, nematodes and arthropods [5] , while chitinases in GH family 19 are mainly found in plants [3] . Chitinases are also classified as pathogenesis-related (PR) protein families-3, 4, 8 and 11 [6] and as chitinases classes (Class I through V) [7] . Class I chitinases are usually basic chitinases in plant vacuoles, with a highly conserved N-terminal cysteine-rich chitin biding domain (CBD) linked to a catalytic domain by a short proline-rich variable hinge region [7] . Class Ia chitinases usually have a C-terminal extension which is absent in Class Ib chitinases for vacuolar targeting [8] . Class II chitinases are extracellular and highly similar to the structure of Class I chitinases but lack the CBD, proline-rich hinge, and C-terminal extension. Class IV chitinases share sequence similarity to Class I chitinases except that they are extracellular, and have four deletions in the CBD and catalytic domain [9] . Chitinases in Class I, II and VI belong to the GH family 19 [3] . Class III chitinases are structurally unrelated to other types of plant chitinases (except for Class V chitinases). They lack the CBD and have catalytic domain that differ from Class I and II. Class V chitinases may have a C-terminal extension and a CBD [10, 11] . Both Class III and Class V chitinases belong to GH family 18 [5] .
Various types of plant chitinases have been reported to be involved in plant defense response against fungal pathogens in both angiosperms [10] [11] [12] [13] and gymnosperms [14] [15] [16] . Plants synthesize chitinases with either basic or acidic isoelectric points. Acidic chitinases are localized in the intercellular space [17] while the basic chitinases accumulate in the central vacuole [18] . When a plant is attacked by fungal pathogens, the acidic chitinases in the apoplast hydrolyze the fungal chitin to chitin oligosaccharides that serve as elicitors of the plant defense system [19] . Meanwhile, the basic chitinases in plant vacuoles hydrolyze the newly synthesized chitin chains in fungal cell walls upon fungal penetration [20] . Chitinases and glucanases act synergistically in degrading the cell wall of fungal pathogens since both chitin and b-1,3-glucans are present at the apex of the hyphae of filamentous fungi [21] . In uninfected plants, chitinases are involved in growth and development processes such as seed germination, somatic embryogenesis, root and root nodule development [22] . They have also been reported to be inducible by abiotic stresses and phytohormone treatments [23] .
The causal agents of basal stem rot (BSR) disease in oil palm are pathogenic fungi belonging to the genus of Ganoderma. Among the Ganoderma species, G. boninense has been reported to be the most pathogenic species associated with the occurrences of BSR in Malaysia, Indonesia and other South East Asian countries [24] . The infected palms suffer white rot whereby the white cellulose of infected palms was exposed after the ''white rot'' fungus degrades the lignin component [25] . As a result, many oil palm plantations bear significant losses due to the reduction of oil palm stands and yield [24] . Trichoderma spp. have been reported as biocontrol agents for BSR in several studies [26, 27] . Trichoderma spp. were believed to be able to induce the production of fungal cell wall degrading enzymes such as plant chitinases and glucanases [28] that could lyse the cell wall of fungi, thus, preventing or delaying the development of fungal diseases.
The activities of glucanases and chitinases have been found to be higher in the diseased tissues infected by Ganoderma sp. than those in healthy tissues in oil palm [29] . Since plants synthesize a number of related chitinase isozymes encoded by a multigene family [9, 30, 31] that have diverse functions from housekeeping to host-microbe interaction and differ in substrate binding specificities and specific activity, the measurement of total chitinase activity is not informative about the type of chitinase being expressed during pathogenesis. The characterization of individual chitinases is thus important for the identification of oil palm chitinases that are expressed during fungal invasion. Previously, the cloning and analyses of two partial and one fulllength cDNAs encoding putative chitinases from oil palm (EgCHI1, EgCHI2 and EgCHI3) [32] have been reported. The gene expression of all three genes was found to be higher in the roots treated with either G. boninense or T. harzianum singly at 5 weeks post infection (wpi); while the gene expression of EgCHI1 and EgCHI2 were higher in the roots treated with a combination of both fungi compared to those of untreated roots [32] .
Here in, we report the isolation and gene expression analyses of three full-length cDNAs encoding a putative chitinase and two chitinase-like proteins with different expression profiles from the previous three putative chitinases in response to fungal colonization. This information may reveal the type of chitinases that are expressed at a higher level in the roots of oil palm seedlings inoculated with G. boninense as a fungal pathogen; T. harzianum as an avirulent symbiont and also as a biocontrol agent. The gene expression of these genes was also profiled in oil palm leaf tissues to examine the potential of these chitinases as indicators for fungal invasion or resistance in oil palm.
Materials and methods
Isolation of full-length cDNA sequences encoding putative chitinase and chitinase-like proteins Three partial cDNAs encoding a putative chitinase and chitinase-like proteins (EL693199, EL694787 and EL690681; designated as EgChit3-1, EgChit1-1and EgChit5-1, respectively) were identified from the oil palm expressed sequence tags (ESTs) [33] for the isolation of full-length cDNAs using rapid amplification of cDNA-ends (RACE)-PCR. The outer and inner RACE-PCR primers used for the respective cDNAs were EgChit1-1-R: 0 (for the 3 0 -end of EgChit3-1). Total RNA was extracted using a modified CTAB method [34] . The cDNA template for 5 0 -RACE-PCR was synthesized according to the instructions for the SMART RACE cDNA Amplification kit (Clontech, USA) using 1 lg of total RNA extracted from the roots of oil palm. Approximately 10 ng of cDNA template was used for PCR amplification according to the instructions of the manufacturer. The PCR program was 30 cycles of 94°C for 30 s, 55°C for 30 s and 72°C for 2 min (MJ Research, USA). The PCR products were extracted using QIAquick Gel Extraction kit (Qiagen, Germany). The A-tailing and cloning of PCR products were performed according to the instructions for the yT&A Cloning kit (Yeastern Biotech, Taiwan). Plasmid DNA samples were sequenced using M13R-pUC(-40) and T7 promoter primers.
Analysis of cDNA sequences
The putative identities of the aligned cDNA sequences were determined using Basic Local Alignment Search Tool [35] at the National Center for Biotechnology Information (NCBI) (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Expasy-Compute pI/Mw (http://expasy.org/tools/pi_tool.html) was used to estimate the isoelectric points and molecular masses of the deduced proteins. Multiple sequence alignment was carried out using Clustal W [36] in BioEdit version 7 [37] . Neighbour-Joining trees were generated using Molecular Evolutionary Genetics Analysis (MEGA) version 4.0 [38] with 500 replicates in the bootstrapping analysis.
Artificial inoculation of oil palm seedlings
A total of 36 five-month-old oil palm Elaeis guineensis GH 500 Series (Dura x Pisifera) seedlings (Sime Darby Seeds and Agricultural Services Sdn. Bhd., Malaysia), were arranged in a complete randomized design for three treatments (artificial inoculation with G. boninense singly, G; T. harzianum singly, T; G. boninense and T. harzianum simultaneously, GT) and a control; with 9 seedlings in each group.
For the preparation of artificial inoculation of oil palm seedlings with G. boninense, rubber wood blocks (6 cm 9 6 cm 9 12 cm each) were sterilized at 121°C for 30 min before potato sucrose agar (PSA) (100 ml per block) was added and autoclaved at 121°C for 15 min. Ganoderma boninense PER71 cultures were grown on PSA at 28°C for 7 days before they were cut into small pieces and placed on the sterilized woodblocks (one plate of culture per block) and incubated in the dark at room temperature for 8 weeks [26, 39] . Each oil palm seedling was placed in contact with a G. boninense inoculated rubber wood block at its basal part and covered with a mix of top soil and sand in a ratio of 2:1.
For the preparation of artificial inoculation of oil palm seedlings with T. harzianum, T. harzianum Rifai strain T32 was grown on potato dextrose agar (BD, France) at 25°C for 7 days. The spores of T. harzianum were harvested according to Nur Ain Izzati and Faridah [26] , and the concentration of conidia was determined using a Neubauer haemocytometer (Marienfeld, Germany). To prepare Trichoderma surface mulch, 150 g palm pressed fibres of empty fruit bunch of oil palm were rinsed with water and autoclaved at 121°C for 45 min in a plastic bag. Then, it was inoculated with 20 ml of Trichoderma conidial suspension containing 1-9 9 10 8 spores/ml, sealed and incubated at 25°C for 2 weeks in the dark. The conidial suspension (500 ml) of Trichoderma with a final concentration of *1-9 9 10 7 spores/ml was applied directly to each seedling (in the T-and GT-treatment) every 2 weeks. Meanwhile, 300 g of Trichoderma surface mulch was also placed at the basal part of each seedling.
Gene expression analysis of chitinases
Total RNA from the root and leaf of oil palm was isolated using a modified cetyl trimethylammonium bromide (CTAB) method [34] and treated with DNase I (New England Biolabs, UK). The AffinityScript QPCR cDNA Synthesis Kit (Stratagene, USA) was used to synthesize the first strand cDNA using 3 lg of total RNA. Six real time qRT-PCR primers were designed using Primer3 Input version 0. 4 0 (for cyclophilin, EL691102). The transcripts of EgChit1-1, EgChit3-1 and EgChit5-1 were profiled using the RNA from the root and leaf tissues of treated and untreated oil palm seedlings harvested at three time points. Real time qRT-PCR was performed using Brilliant SYBR Green QPCR Master Mix (Stratagene, USA) in IQ TM 5 real-time PCR system (Bio Rad, USA) following the instructions of the manufacturers. The PCR program was 95°C for 10 min; 40 cycles of 95°C for 30 s, 60°C for 30 s and 72°C for 30 s. The real time RT-PCR results were analyzed using GeNorm version 3.2 [40] and iQ TM 5 Optical System Software version 2.1 (Bio Rad, USA). The expression of each gene was normalized with actin and cyclophilin and compared with the gene expression of untreated root and leaf tissues at respective time point. In this study, only an increase of gene expression of more than twofold compared to that in the untreated oil palm seedlings was considered as significantly higher.
Results
Sequence analysis of cDNAs encoding putative chitinase and chitinase-like proteins from oil palm EgChit1-1 (GenBank Accession No. JX312736) is a fulllength cDNA with a complete open reading frame (ORF) encoding 310 amino acid residues (Fig. 1) . The predicted isoelectric point and molecular mass of EgChit1-1 were 8.41 and 34 kDa respectively. EgChit1-1 has the highest identity to the amino acid sequence of a putative chitinase from Epipremnum aureum (BAI63079; 84 %) and a putative Class I chitinase from Elaeis guineensis (EgCHI1, ADC55619; 83 %). Comparison with other plant amino acid sequences belonging to the Class I chitinases (Fig. 1 ) revealed that EgChit1-1 contains a short signal peptide at the N-terminus and a C-terminal extension, but it lacks both the highly conserved N-terminal cysteine-rich CBD and the short proline-rich variable hinge region. In addition, many catalytic and substrate binding residues are not conserved in EgChit1-1. One of the catalytic sites (Glu 142 , corresponding to the Glu 89 in the 26 kDa endochitinases from barley [4] ) was found to be conserved in EgChit1-1, whereas the amino acid residue that corresponds to Glu 67 in the 26 kDa endochitinases from barley [4] was replaced with Lys 120 in EgChit1-1 (Fig. 1) . Phylogenetic analyses revealed that the oil palm sequences (EgChit1-1 and Eg-CHI1) and the Class I chitinase from Limonium bicolor (ABD92820) formed a separate cluster from the other plant chitinases belonging to Class Ia and Class Ib chitinases (Fig. 2) . EgChit1-1 is predicted as a chitinase-like protein that resembles the Class I chitinases in the GH family 19.
The full-length cDNA sequences of EgChit3-1 (GenBank Accession No. JX312737) and EgChit 5-1 (GenBank Accession No. JX312738) have an ORF of 293 and 456 amino acid residues, respectively. The predicted isoelectric point and molecular mass of EgChit3-1 were 3.97 and 31 kDa respectively. EgChit5-1 has a theoretical isoelectric point at 5.54 and a predicted molecular mass of 51 kDa. Both amino acid sequences were predicted to belong to the GH family 18. The amino acid sequence of EgChit3-1 (Fig. 3) has the highest identity with a Class III chitinase of bamboo (Bambusa oldhamii, ABW75909; 74 %), while the amino acid sequence of EgChit5-1 (Fig. 4) shares the highest identity with a predicted rice protein (Oryza sativa ABA93461; 53 %). EgChit3-1 was predicted to have an Fig. 1 Multiple sequence alignment of EgChit1-1 with sequences belonging to Class I chitinases and chitinase-like proteins. The predicted amino acid sequence of EgChit1-1 was aligned with the amino acid sequences of chitinase-like protein from Limonium bicolor (ABD92820), putative Class I chitinase from Elaeis guineensis (ADC55619) and class I chitinases from Arabidopsis thaliana (AtChitI-1, AT3G12500), Oryza sativa (OsChitI-1, LOC_Os03g30470; OsChitI-2, LOC_Os05g33130; OsChitI-3, LOC_Os06g51050; OsChitI-4, LOC_Os06g51060), Zea mays (ZmChitI-1, GRMZM2G062974; ZmChitI-2, GRMZM2 G145518), Sorghum bicolour (SbChitI-1, Sb09G019660; SbChitI-2, Sb09G001210), Populus trichocarpa (PtChitI-1, POPTR_0004S18870; PtChitI-2, POPTR_0009S14420; PtChitI-3, POPTR_0009S14430; PtChitI-4, POPTR_0009S14380), Glycine max (GmChitI-1, Glyma02g04820; GmChitI-2, Glyma16g22680) and Vitis vinefera (VvChi- . The Chitinase 18 signature PS1095 is conserved in all Class III chitinases examined including EgChit3-1 (DGVDFDIE) (Fig. 3) . In addition to that, another conserved motif of Class III chitinase from bamboo (KVLLSLGGG) [41] is also found in EgChit3-1 (IVLLSLGGG) (Fig. 3) . EgChit3-1 is a putative Class III chitinase from oil palm. The predicted amino acid sequence of EgChit5-1 shares a low identity with other well characterized Class V plant chitinases. The DxDxE motif in GH family 18 [42] is replaced with DxAxQ in EgChit5-1 (Fig. 4) . The residues that are important for substrate binding in the class V chitinases [38] including the ''YD'' motif are not well conserved in EgChit5-1 (Fig. 4) . EgChit5-1 is a chitinase-like protein that resembles Class V chitinases. Phylogenetic analysis of plant chitinases belonging to the GH family 18 revealed that both Class III and Class V chitinases could be separated into two clusters (Fig. 5) . The two oil palm putative Class III chitinases were found to be the closest to each other. Although EgChit5-1 only shares a relatively low identity (*30 %) with other well characterized Class V chitinases, it was found to be closer to Class V chitinases than the Class III chitinases.
Pathology of treated oil palms
Disease symptoms were not detected in G-treated oil palm seedlings at 3 wpi. Lesions and mycelia were observed on the root surface of G-treated seedlings at 6 and 12 wpi, indicating that G. boninense has successfully colonized the root. The number of roots infected by G. boninense increased from 6 to 12 wpi, showing the disease development in the infected roots. However, disease symptoms were not observed in GT-and T-treated or the untreated seedlings. The G-treated seedlings also had lesser root mass and weight gain compared to the G and GT-seedlings at 6 and 12 wpi. Throughout the 12 week-treatment, the spore counts of T. harzianum in the soil around the T-treated and GT-seedlings were above 10 4 CFU/g of soil
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Gene expression analysis of putative chitinase and chitinase-like proteins in oil palm
The gene expression of EgChit1-1, EgChit3-1 and EgChit5-1 was profiled in oil palm roots treated with either G. boninense or T. harzianum, and G. boninense and T. harzianum in combination. Among the three genes examined, only the gene expression of EgChit3-1 in the roots of G-treated oil palm seedlings at 12 wpi increased more than twofold compared to that in the untreated oil palm seedlings (Fig. 6c) . The increase in transcript abundance of EgChit1-1 and EgChit5-1 in the roots of G-treated oil palm seedlings was less than twofold at 3 wpi, and 3 and 12 wpi, respectively (Fig. 6a, e) . The gene expression levels of these genes in the roots of G-treated oil palms at other time points were lower than those in the untreated oil palm seedlings. The gene expression of EgChit3-1 increased 8.5-and 2.2-fold in the roots of T-treated oil palms at 6 and 12 wpi, respectively (Fig. 6c) . In general, the transcript profiles of EgChit5-1 resembled those of EgChit3-1 in the T-and GTtreated root tissues of oil palm but at lower magnitudes (Fig. 6e) . The transcript abundance of EgChit5-1 in the roots of T-treated oil palms at 6 wpi was also more than twofold than that in the untreated oil palm seedlings. The gene expression levels of these three genes in the roots of T-treated oil palms at other time points were lower than those in the untreated oil palm seedlings. The highest levels of gene expression were achieved by EgChit3-1 and EgChit5-1 in oil palm root samples treated with a combination of G. boninense and T. harzianum at 6 wpi (Fig. 6c, e) . A slight increase which was less than twofold was recorded for EgChit3-1 in the roots of GT-treated oil palms at 12 wpi (Fig. 6c) .
The gene expression of EgChit1-1, EgChit3-1 and EgChit5-1 was also profiled in oil palm leaf tissues. The gene expression profiles of EgChit1-1 and EgChit3-1 in the oil palm leaves resemble those in the oil palm roots inoculated with G. boninense or T. harzianum alone but at different magnitudes ( Fig. 6a-d) . The transcript abundance of EgChit1-1 in the leaf sample of G-treated oil palms at 3 wpi was *67-fold of that in the leaf sample of untreated oil palms (Fig. 6b) ; whereas the transcript levels of EgChit3-1 in the leaf sample of G-treated oil palms at 6 and 12 wpi were *2.6-and 12-fold of that in the leaf sample of untreated oil palms (Fig. 6d) . The gene expression level of EgChit1-1 in the leaf sample of T-treated oil palms at 3 wpi was 2.4-fold of that in the leaf sample of untreated oil palms (Fig. 6b) while the transcript level of EgChit3-1 in the leaf sample of T-treated oil palms at 6 and 12 wpi were *3.3-and 1.7-fold of that in the leaf sample of untreated oil palms (Fig. 6d) . Although there were some increases in the transcript levels of EgChit5-1 in treated oil palm leaf samples compared to the untreated oil palm leaf samples, the changes were less than twofold (Fig. 6f) . The transcript abundance of the genes examined in oil palm leaf samples treated with a combination of G. boninense and T. harzianum was either less or remained the same as in the untreated oil palm leaf samples.
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Discussion
In this study, three full-length cDNAs encoding EgChit1-1, EgChit3-1 and EgChit5-1 have been cloned. EgChit3-1 is a putative Class III chitinase from oil palm with highly conserved Chitinase 18 signature and catalytic sites while EgChit1-1 and EgChit5-1 are chitinase-like proteins. EgChit1-1 contains a short signal peptide at the N-terminus and an extension at the C-terminus, but lacks the highly conserved N-terminal cysteine-rich CBD, the short prolinerich variable hinge region and many catalytic and substrate binding residues that are highly conserved in Class I chitinases. The predicted amino acid sequence of EgChit5-1 shares a low identity with other well characterized Class V plant chitinases, lacking the DxDxE motif in GH family 18 and many residues that are important for substrate binding in the Class V chitinases. The enzyme activities of these chitinase-like proteins are always questionable [42] . Previous studies have reported several chitinase-like proteins that have no enzyme activities [43, 44] . However, a Class I chitinase from L. bicolor (ABD92820) which shares a high identity to EgChit1-1 and does not have the residues that are highly conserved and important for catalytic activity and subtrate binding for Class I chitinases; has been proven to have chitinase activity recently [45] . The transcript abundance of EgChit1-1, EgChit3-1 and EgChit5-1 in oil palm roots treated with G. boninense was analysed to reveal the type of chitinases that were expressed at a higher levels in the roots of oil palm seedlings inoculated with a fungal pathogen. Among these three genes, only the gene expression of EgChit3-1 increased significantly in the root tissues of G-treated seedlings at 12 wpi whereby lesions and mycelia were observed on the surface of infected roots, compared to that in the untreated root tissues. Similar to EgChit3-1, EgCHI3 (another putative Class III chitinase from oil palm) was also shown to have a higher gene expression level in the root tissues of G-treated seedlings at a similar stage of disease development i.e. 5 wpi compared to that in the untreated root tissues [32] . The role of plant chitinases as PR proteins have been widely reported [10] [11] [12] [13] [14] [15] [16] [46] [47] [48] , they could hydrolyze the fungal chitin to chitin oligosaccharides that serve as elicitors of the plant defense system [19] . Besides, the accumulation of chitinases in diseased plant tissues may slow down the growth of pathogen, and reduce sporulation at later stages of disease development [46] . The two chitinase-like chitinases (EgChit1-1 and EgChit5-1) that resemble Class I and Class V chitinases, respectively; were not shown to have a significantly higher gene expression in the root tissues of G-treated seedlings compared to that in the untreated root tissues. The involvement of these two genes in plant defense against fungal infection is unclear.
The increase of transcript abundance of EgChit3-1 was not exclusive to the colonization of pathogenic fungus. The transcript abundance of EgChit3-1 increased more than twofold in the root tissues of T-treated seedlings at 6 and 12 wpi. The increase in the gene expression of EgChit3-1 was probably a general response of host plant to fungal invasion, irrespective of beneficial or pathogenic fungal invasion. In addition, the transcript abundance of EgChit3-1 in the root tissues of GT-treated seedlings at 6 wpi also increased significantly, but at a lower magnitude compared to that in T-treated seedlings at 6 wpi. Although Trichoderma spp. have been demonstrated to induce resistance of host plants against pathogenic fungi [49] , we do not know whether the abundance of this putative chitinase in the roots of GT-treated oil palm seedlings was sufficient to delay BSR temporary. Nonetheless, none of the GT-treated plants exhibited any disease symptoms as in G-treated seedlings.
The transcript profiles of EgChit5-1 resembled those of EgChit3-1 in the T-and GT-treated root tissues of oil palm but in a lower abundance (Fig. 6e) . Despite the sequence identity between EgChit1-1 and EgCHI1 [32] , the gene expression of EgChit1-1 was only slightly higher in the root tissues of G-treated seedlings at an early stage of disease development (3 wpi) in comparison to that in the untreated root tissues; while the gene expression of Eg-CHI1 was fourfold higher in the root tissues of G-treated seedlings at a later stage of fungal colonization (5 wpi) [32] . Since both EgChit1-1 and EgChit5-1 are chitinaselike proteins that lack some of the important catalytic sites that are highly conserved in Class I and V chitinases, respectively; their abilities to hydrolyze fungal chitin have to be verified.
The expression of chitinases can be systemic or local, depending on the infecting pathogen, its virulence and the chitinase class [46] [47] [48] . The PR proteins produced in an uninfected part of a plant can cause systemic acquired resistance which protects the affected plant from further infection. These PR proteins have been proposed as biochemical markers for identifying plants that are resistant to fungal infection [50] . The development of molecular markers in oil palm leaf tissues is desirable because oil palm leaves provide the ease of sampling in the field for large-scale screening. The gene expression of EgChit1-1, EgChit3-1 and EgChit5-1 was thus profiled in oil palm leaf tissues to examine the potential of these chitinases as indicators for fungal invasion or resistance in oil palm. A good indicator for fungal invasion should produce consistent results with high reproducibility in infected oil palms at different sampling time or stages of disease development. EgChit1-1 which only had a significantly higher gene expression in the leaf samples of G-treated and T-treated oil palms at 3 wpi compared to those of the untreated oil palm leaf samples, is not suitable to be used as expressed markers for fungal invasion. EgChit3-1 had a higher gene expression in the leaf samples of G-treated and T-treated oil palms at 6 and 12 wpi which coincided with fungal invasion in the roots of G-treated and T-treated oil palms, however it was not able to differentiate beneficial or pathogenic fungus.
In summary, a total of three full-length cDNAs encoding a putative chitinase and two chitinase-like proteins from oil palm have been cloned. Our findings showed that the gene expression of EgChit3-1 was increased by either G. boninense (at 12 wpi) or T. harzianum and a combination of both at (6 wpi), while the gene expression of EgChit5-1 in the roots of oil palm seedlings was increased by T. harzianum (at 6 wpi). The gene expression of EgChit1-1 in the treated roots of oil palm seedlings was not significantly higher compared to those of the untreated oil palm roots. EgChit3-1 had a higher gene expression in the leaf samples of G-treated and T-treated oil palm at 6 and 12 wpi which coincided with fungal invasion in the roots.
